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FULL-SCALE FLIGHT TEST FROM SEA LEVEL OF AN ABORT-ESCAPE 

SYSTEM FOR A PROJECT MERCURY CAPSULE* 

By Willard S. Blanchard, Jr., and James L. Raper 

Declassified by authority of NASA 
SUMMARY classificat. on Change Notices NO--fL3-- 

Dated **-h,b/bq- 
A system designed t o  provide safe escape f o r  a Project  Mercury 

manned space capsule during the  atmospheric p a r t  of the  boosted f l i g h t  
has been t e s t e d  i n  free f l i g h t  t o  determine i t s  a b i l i t y  t o  funct ion 
s a t i s f a c t o r i l y  i n  t h e  event of booster  rocket  malfunction a t ,  o r  near,  
take-off .  The configurat ion t e s t e d  was a geometrically similar f u l l -  
s ca l e  model of t h e  Pro jec t  Mercury capsule and escape system. 
capsule was a body of revolut ion cons is t ing  of a l a rge  t runcated cone 
with a spherical-segment base a t  the l a rge  diameter and a c y l i n d r i c a l  
can i s t e r  surmounted by a s m a l l  t runcated cone a t  t h e  small end. The 
escape system, cons is t ing  of a tower t o  which w a s  mounted t h e  escape 
rocket motor, was at tached t o  the s m a l l  end of t h e  capsule. A s m a l l  
drogue parachute was used t o  deploy a la rge  parachute which provided 
the low sinking rate required f o r  safe landing. 

The 

The escape system performed s a t i s f a c t o r i l y .  M a x i m u m  a l t i t u d e  
a t t a ined  was 1,950 feet .  The main parachute provided a t  sea l e v e l  a 
s t a b i l i z e d  sinking r a t e  of about 28 feet per  second. 
throughout the fl ight were within the to le rances  of a properly posi-  
t ioned  and supported human. 
(which was not  insu la ted)  w a s  approximately 144 decibels  during escape 
motor t h rus t ing .  

The acce lera t ions  

The m a x i m u m  sound l e v e l  within t h e  capsule 

INTRODUCTION 

The National Aeronautics and Space Administration i s  devoting con- 
s iderable  e f f o r t  t o  the design of vehic les  capable of safe manned o r b i t a l  
space flight and r e tu rn .  One such vehic le  i s  the Pro jec t  Mercury one- 
man space capsule. 
which w i l l  be mounted atop a l a rge  booster  rocket motor. 
w i l l  r een te r  t h e  ear th 's  atmosphere la rge  end forward i n  order  t o  allow 
i t s  l a r g e  b lunt  heat  shield t o  absorb t h e  high heat ing rates assoc ia ted  

high dece lera t ions  r e su l t i ng  from aerodynamic drag w i l l  be present  during 

This vehicle  cons is t s  of a conical-shaped capsule 
The capsule . 

b with r een t ry  from o r b i t .  I n  addi t ion t o  the high heat ing rates involved, 

* T i t l e ,  Unclassified.  
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reent ry .  This, i n  tu rn ,  requi res  t h a t  t he  occupant be supported i n  a .L 

semisupine pos i t ion  with respec t  t o  the  longi tudina l  axis of t h e  capsule, 
i n  order  t o  withstand the r e s u l t a n t  high loads.  It i s  required,  there-  
fo re ,  i n  order t o  avoid excessive loads i n  an adverse (o ther  than supine) 
d i r ec t ion  on the  occupant during the  boosted, or  accelerat ing,  port ion 
of t he  f l i g h t ,  t h a t  t he  capsule be mounted small end upstream during 
t h e  boosted p a r t  of t he  f l i g h t .  

It i s  imperative t h a t  a vehic le  such as the  Mercury capsule have a 
system capable of providing safe escape f o r  t h e  capsule i n  case of m a l -  
function p r i o r  t o  the  take-off or during th rus t ing  of t he  booster rocket.  
During a r e l a t i v e l y  l a rge  por t ion  of t h e  boosted f l i g h t ,  where dynamic 
pressure i s  high, a s t a b i l i t y  problem e x i s t s  i f  an abort-escape maneuver 
i s  required.  
designed t o  be aerodynamically s t ab le  l a rge  end forward during r een t ry  
( see  re f ,  1) but  i s  boosted s m a l l  end forward, the abort-escape system 
mus t ,  i n  addi t ion t o  supplying the  t h r u s t  required f o r  rap id  movement 
away from t h e  booster,  be capable of s t a b i l i z i n g  t h e  capsule s m a l l  end 
forward i n  order t o  avoid t h e  high t ransverse  and adverse longi tudina l  
loads t h a t  would be associated with an immediate turn-around a t  high 
dynamic pressure.  Further,  t he  abort-escape system must be capable of 
providing s u f f i c i e n t  a l t i t u d e  f o r  deployment of a landing parachute i n  
event of booster  rocket malfunction a t ,  or near, take-off.  

Since the  capsule (minus t h e  abort-escape system) i s  

Small-scale tests conducted a t  t h e  Langley Research Center showed 
t h a t  one promising method of s t a b i l i z i n g  the  capsule f o r  t h e  escape from 
t h e  booster consis ted of mounting t h e  escape rocket motor on a tower 
from t h e  s m a l l  end of t he  capsule, thus  moving t h e  center  of g rav i ty  
s u f f i c i e n t l y  t o  provide aerodynamic s t a b i l i t y  when s m a l l  end i s  forward. 
(See refs. 2 t o  4 . )  

The Langley Research Center f l i g h t  t e s t e d  a fu l l - sca l e  model bas- 
i c a l l y  similar t o  t h e  Project  Mercury capsule t o  determine the  a b i l i t y  
of t he  abort-escape system t o  provide safe escape from sea l e v e l  (simu- 
l a t i n g  booster  rocket malfunction a t ,  or  near,  t ake-of f ) .  The r e s u l t s  
of t h i s  tes t  ( r e f .  5 )  using an ex i s t ing  XM-19 Recruit  rocket motor ind i -  
cated t h a t  the  bas i c  system was workable. Subsequently, a capsule geo- 
met r ica l ly  s imi la r  t o  t h e  Project  Mercury capsule and u t i l i z i n g  a Grand 
Clentral escape rocket motor developed expressly f o r  t he  Mercury capsule 
was flown on a s imi la r  mission. 
along with sound l e v e l  within t h e  capsule during escape motor th rus t ing ,  
were determined. 

Motions and r e s u l t i n g  accelerat ions,  
. 
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SYMBOLS 

longitudinal accelerometer reading, g units 

normal accelerometer reading, g units 

transverse accelerometer reading, g units 

azimuth angle, deg 

thrust, lb 

acceleration due to gravity, 32.2 ft/sec2 

altitude, ft 

mass moment of inertia in pitch, slug-ft2 

mass moment of inertia in yaw, slug-ft.2 

moment in pitch, ft-Lb 

moment in yaw, ft-lb 

Reynolds number, based on maximum capsule diameter 

free-stream static pressure, lb/sq ft 

range, ft 

range component along abscissa, ft 

3 

range component along ordinate, ft 

free-stream temperature, OF 

time, sec 

velocity along flight path, ft/sec 

capsule weight, lb 

station measured from maximum diameter, positive toward tower, 
in. 



4 

cg X 

e' 
.. 
4J 

P 

P 

0 

center-of-gravity s t a t ion ,  measured from maximum diameter, 
i n .  

angular acce lera t ion  i n  p i tch ,  radians/sec 2 

angular acce lera t ion  i n  yaw, radians/sec 2 

coef f ic ien t  of v i scos i ty ,  lb-sec/sq f t  

free-stream densi ty ,  slugs/cu f t  

MODEL 

Figure 1 shows t h e  general  dimensions of t h e  test model and r e l a t e d  
components. 
flown o f f  t he  beach and the  nomenclature used throughout t h i s  paper. 
Figure l ( b )  gives de t a i l ed  dimensions of t h e  capsule which was used i n  
t h e  tes t .  
base) was 74.5 inches. 
steel  p l a t e  re inforced with cross members of 5/16-inch s t e e l  p l a t e .  
conical s ides  of t he  capsule were constructed of 1/8-inch steel  p l a t e .  
The base and s ides  of t h e  capsule simulated the  shape of t h e  f i n a l  
Project  Mercury capsule but  they were not intended t o  simulate the  con- 
s t ruc t ion .  A cy l ind r i ca l  can i s t e r  30 inches i n  diameter was placed on 
t h e  s m a l l  diameter of t he  conical  capsule. A conical  antenna f a i r i n g  
20 inches i n  diameter a t  t h e  smallest  cross sect ion was placed on the  
top of the  main parachute compartment. 
drogue parachute and t h e  antenna-fairing r e l ease  mechanism. 

Figure l(a) shows t h e  dimensions of the t e s t  model as it was 

The maximum diameter of t he  capsule (&)-inch spherical-radius  

The 
The spher ica l  base was constructed of 3/16-inch 

The antenna f a i r i n g  housed the  

Bal las t  was added t o  the  capsule i n  order t o  loca te  t h e  center  of 
grav i ty  a t  t h e  proper s t a t i o n  along the  longi tudinal  axis; after which 
addi t iona l  ballast was added symmetrically about the  desired center  of 
gravi ty ,  which was a t  s t a t i o n  19.5, i n  order t o  obta in  t h e  desired 
capsule weight of 2,169 pounds. The moments of i n e r t i a  were approxi- 
mately 485 s lug- f t2  i n  p i t ch  and yaw and 236 s lug- f t2  i n  r o l l .  

The tower, shown i n  f igure  l(c), was constructed of steel tubes f o r  
main longi tudinal  members and horizontal  and diagonal trusswork. The 
tower was at tached t o  t h e  capsule a t  the  top of t he  can i s t e r  by means 
of a segmented Marman clamp secured by three  explosive bo l t s .  A s m a l l  
tower j e t t i s o n  motor was employed t o  move t h e  tower away from the  
capsule upon ign i t ion  of t he  three  explosive b o l t s  securing the  Marman 
clamp t o  avoid entanglement of t he  tower with t h e  parachute system. 
The j e t t i s o n  motor was mounted on the  nozzle block between t h e  th ree  
escape motor nozzles, as shown i n  f igu re  l ( d ) .  
was f i t t e d  over t h e  antenna f a i r i n g  and w a s  intended t o  pro tec t  t h e  top 

A conical  blast sh i e ld  
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of the capsule from the  tower j e t t i s o n  motor exhaust blast. The upper 
end of t he  tower was bol ted  t o  the  nozzle block, shown i n  f igu re  l ( d )  . 
Three 12O half-angle nozzles were attached t o  the nozzle block and were 
symmetrically spaced a t  in t e rva l s  of 120°. 
nozzle was canted l9O away from the  center  l i n e  of t h e  test model i n  
order t o  d i r e c t  t he  rocket motor exhaust away from the capsule. The 
escape rocket motor was canted i n  order t o  obtain a misalinement of 
t he  t h r u s t  vector  of 0.78 inch, t o  give the capsule a lateral  displace- 
ment. 
motor t o  provide the  desired launch center-of-gravity loca t ion  
( s t a t i o n  77.8).  
table I. 

The center  l i n e  of each 

Additional b a l l a s t  was added t o  t he  upper end of the  Grand Central  

The m a s s  cha rac t e r i s t i c s  of the capsule are shown i n  

Two parachutes were employed. The first parachute deployed was a 
72-inch-diameter nylon drogue parachute w i t h  a porosi ty  of approximately 
23 percent.  The drogue parachute had a three-point connection t o  the 
antenna f a i r i n g  and had a riser length of 30 feet. A 5-inch-diameter 
aluminum mortar was contained i n  the antenna f a i r i n g  f o r  e j ec t ing  the 
drogue parachute. 
The main parachute was a 64-foot r i n g  sail  type with poros i ty  of about 
15 percent,  had a single-point suspension, a shroud length of 60 feet, 
a riser length of 6 feet, and w a s  not reefed. 
packaged i n  a deployment bag which made a f ree-s l id ing  f i t  i n  an aluminum 
can 40 inches long located i n  the  can i s t e r  and extending 21 inches down 
i n t o  t h e  capsule. 
Reference 6 presents  addi t iona l  f l i g h t  tests of the main parachute. 
can i s t e r  a l s o  contained a main-parachute release mechanism which was 
actuated when the capsule impacted w i t h  the  water. 
the or ien ta t ion  of the drogue and main parachutes. 

The drogue parachute weighed approximately 7.5 pounds. 

The main parachute was 

The main parachute weighed approximately 60 pounds. 
The 

Figure l ( e )  shows 

INSTRUMEDJTATION 

Two "g" actuated t i m e r s  connected i n  p a r a l l e l  were used t o  program 
t h e  ign i t i on  of the Mannan clamp explosive bo l t s ,  i gn i t i on  of the tower 
j e t t i s o n  motor, i gn i t i on  of the  drogue mortar, and ign i t ion  of the 
explosive b o l t  re ta in ing  the antenna f a i r ing .  

Four GSAP 1 6 - m i l l i m e t e r  cameras were ca r r i ed  onboard t h e  capsule f o r  

Figure l ( f )  shows t h e  loca- 
t h e  purpose of observing the tower and rocket motor burning and f o r  
obtaining a " p i l o t ' s  view" from the capsule. 
t i o n  of the  cameras, three of which pointed up and one of which pointed 
down. 

Two onboard recorders recorded the sound l e v e l  during t h e  f l i g h t .  
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Flight-path da ta  were obtained by continuous t racking of t he  model 
with an FPS-16 t racking radar ,  an NASA modified SCR 584 t racking radar ,  
and a commercially modified SCR 584 radar .  
was determined by CW Doppler velocimeter up t o  deployment of t he  main 
parachute. 
obtained from the  t ime-history va r i a t ions  of t he  t r a j e c t o r y  as de ter -  
mined by the  FPS-16 radar .  
by cameras located near t he  launching s i te .  

.. 
Velocity along the  t r a j e c t o r y  

The ve loc i ty  of descent with the  main parachute opened was 

Motion p i c tu re s  of t he  f l i g h t  were taken 

A six-channel telemeter was employed t o  t ransmit  normal, t ransverse,  
and longi tudina l  acce lera t ions  a t  two longi tudina l  pos i t ions  t o  ground 
receiving s t a t ions .  
located on t h e  capsule center  l i n e  a t  approxha te ly  20 and 52 inches from 
the  capsule maximum diameter. 

A s  shown i n  f igu re  2 ( a ) ,  t he  accelerometers were 

TEST 

Pr io r  t o  assembly of t he  model on the  launch pad, a temperature- 
s ens i t i ve  pa in t  was appl ied t o  the  e x t e r i o r  of t he  model a t  severa l  
loca t ions  i n  order t o  determine whether and where regions of high heat  
f l u x  r e su l t i ng  from the  rocket exhaust ex is ted .  The pa in t  was appl ied 
t o  the  l egs  and cross  members of t he  tower a t  various longi tudina l  posi-  
t i ons ,  t o  t h e  conical  s ides  of t h e  antenna f a i r i n g ,  t o  t h e  s ides  of t he  
canis te r ,  and at various longi tudina l  pos i t ions  along the  capsule. The 
t r a n s i t i o n  temperatures of t he  pa in t s  used ranged between approximately 
150° F and 1,300' F. 

* 

1 

Figure 3 shows the  model on t h e  launcher p r i o r  t o  take-off .  The 
model w a s  launched a t  an e leva t ion  angle of 71' t o  insure a water impact. 
The va r i a t ion  of . f ree-s t ream density,  pressure,  temperature, and coef f i -  
c i en t  of v i scos i ty  f o r  the  f l i g h t  t e s t  a r e  shown i n  f igu res  4 and 5 .  The 
f l i g h t - t e s t  Reynolds number, shown i n  f igu re  6, based on maximum capsule 
diameter, var ied from approximately 22 x 106 a t  escape motor t a i l  off 
t o  1.1 x 10 6 during main parachute descent. The t ime-history va r i a t ion  
of weight and center  of grav i ty  of the  t e s t  model i s  shown i n  f igu re  7. 

Ground s t a t i c  t e s t s  of t he  tower j e t t i s o n  motor and the  escape 
motor were performed p r i o r  t o  the  current  t e s t  i n  order t o  obtain typ ica l  
thrust-t ime curves of t he  respect ive motors. Resul ts  of these t e s t s  are 
shown i n  f igures  8 and 9, respect ively.  
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RESULTS AND DISCUSSION 

Sequence photographs, showing t h e  p r inc ipa l  events i n  t h e  f l i g h t  
test ,  are presented i n  f igu re  10. Take-off and powered f l i g h t ,  shown 
i n  sequence photographs 1, 2, and 3, occurred with the  model experi-  
encing very l i t t l e  f l igh t -pa th  deviation. A t  t h e  t h e  corresponding 
t o  separat ion of t h e  escape tower (photograph 4)  t h e  model had experi-  
enced approximately 11 revolut ions i n  p i t c h  and about 1/8 revolut ion i n  

yaw. This motion was due pr imari ly  t o  the  de l ibe ra t e  escape motor t h r u s t  
misalinement and the  lack  of damping of t he  model i n  the  abort  confTgura- 
t i o n .  
t h e  i a t h  of t he  booster i n  later boosted f l i g h t s .  
of t h e  p i tch ing  revolut ion during motor t a i l  o f f  ( t h r u s t  decay), t h e  
model s t a r t e d  t o  yaw. After  tower separation, t he  capsule continued t o  
tumble u n t i l  t h e  drogue parachute was deployed and p a r t i a l l y  s t a b i l i z e d  
t h e  capsule as shown i n  sequence photographs 5 ,  6, and 7. 
photographs 8 and 9 show the  main parachute after it was pul led  out by 
the  drogue parachute and the  antenna f a i r i n g .  The main parachute sta- 
b i l i z e d  t h e  capsule and lowered it t o  the  water. A t  impact with the  

with i t s  longi tudina l  axis near ly  hor izonta l  after impact. Unpublished 
da ta  ind ica te  t h a t  t he  capsule w a s  capable of maintaining a v e r t i c a l  
a t t i t u d e  only i f  it d id  not exceed a 30' tilt on landing. 
t i o n  was exceeded as a r e s u l t  of t he  wind dr i f t  a t  landing. 
was recovered by a Marine he l icopter  sho r t ly  after it impacted with the  
water, as seen i n  f igu re  11. The tower and antenna f a i r i n g  were recov- 
ered by a U.S. Navy underwater demolition team. 

4 

The purpose of t h i s  misalinement was t o  displace the  capsule from 
I n  the  l a t te r  p a r t  

Sequence 

4 water t h e  main parachute w a s  automatically re leased.  The capsule f loa t ed  

This condi- 
The capsule 

The motion p i c tu re s  obtained from t he  th ree  up-cameras showed t h a t  
motor burning was normal and t h a t  t he  tower separated without any apparent 
in te r fe rence .  
capsule and tower showed no evidence of heating s u f f i c i e n t  t o  be ind i -  
cated by t h e  lowest range pa in t  (150' F) . 
recorder  records showed t h a t  t he  maximum sound l e v e l  w a s  approximately 
144 decibels  during escape motor burning; t h i s  condition indicated a 
need for insu la t ion  against  noise f o r  manned f l i g h t s .  

Examination of t he  temperature-sensit ive pa in t  on the  

Examination of t he  onboard 

An isometric view of t he  f l i g h t  t r a j e c t o r y  showing the  p r i n c i p a l  
events during the  f l i g h t  i s  shown i n  f igu re  12. The va r i a t ions  of a l t i -  
tude with range, a l t i t u d e  with t i m e ,  and a hor izonta l  p ro jec t ion  of t h e  
t r a j e c t o r y  are shown i n  f igu res  13, 14, and 15, respect ively.  The escape 
motor burned out a t  an a l t i t u d e  of approximately 300 f e e t  and the  tower 
was separated a t  an a l t i t u d e  of about 1,850 feet. The drogue parachute 
w a s  deployed a t  an a l t i t u d e  of about 1,900 feet and a ve loc i ty  of about 

of about 1,500 f e e t  and a ve loc i ty  of about 90 feet per  second; thus,  

. 
" 95 feet per  second. The main parachute w a s  f u l l y  opened a t  an a l t i t u d e  
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ample time was allowed f o r  the s inking speed t o  s t a b i l i z e .  
occurred a t  approximately 1,600 feet from take-off after about 63.1 sec- 
onds of f l i g h t  time. 
t h e  f l i g h t  path and the v e r t i c a l  component of ve loc i ty  w i t h  time. 
maximum veloc i ty  occurred a t  escape motor t a i l  o f f  and was about 
595 feet per second. 
sea  l e v e l  ( impact),  which agreed with expected performance of t he  
parachute. 

Inrpact 

Figure 16 shows the va r i a t ion  of ve loc i ty  along 
The 

Rate of descent was about 28 f e e t  per  second a t  

The t ime-history va r i a t ion  of longi tudinal ,  normal, and t ransverse 
acce lera t ions  as measured by the  accelerometers i s  presented i n  f igu re  17. 
The acce lera t ions  a t  s t a t i o n  20 a r e  approximately those which would be 
experienced by an occupant during an escape maneuver. 
t ud ina l  acce lera t ion  was approximately 22g and lasted f o r  about 0.1 sec- 
ond. 
p r i o r  t o  impact d id  not exceed +5g i n  any d i rec t ion .  Time-history p l o t s  
of acce lera t ion  after 24 seconds were omitted from f igu re  17 because the  
va r i a t ions  of acce lera t ions  were s m a l l  ( l e s s  than + lg )  . Based on refer- 
ences 7 t o  11, the  loads encountered throughout t h i s  f l i g h t  were wi th in  
the to le rance  of a properly posi t ioned and supported occupant. Acceler- 
ometer values a t  impact have been omitted because the  frequency response 

The maximum longi-  

The maximum acce lera t ions  a f t e r  burnout (about '1.2 seconds) and 

of t h e  accelerometers was not adequate t o  determine t h e  loads a t  impact. 
4 

The normal and t ransverse  accelerometer readings a t  t h e  two longi-  
t u d i n a l  s t a t i o n s  were ind ica t ive  of the  angular acce lera t ions  i n  p i t c h  c 

and yaw. 
mined from t h e  following expressions: 

The angular acce lera t ions  presented i n  figure 18 were de ter -  

and 

;r; = i2.2(*52 AT52 - - AT20 ) l2 

x20 

where subscr ip ts  52 and 20 refer t o  longi tudina l  s t a t i o n s .  

The maximum angular acce lera t ions  were about 6 radians/sec2 during 
the  th rus t ing  period of the escape motor and about 40 radians/sec2 during 
main parachute opening. After t he  main parachute opened and the 
descending capsule s t ab i l i zed ,  t h e  maximum angular acce lera t ion  was 
about 20 radians/sec2. 
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It should be noted that  la rge  percentage e r r o r s  i n  6 and $ are 
l i k e l y  when t h e  differences i n  the acce lera t ions  a t  the two s t a t i o n s  are 
small. However, t h e  angular accelerat ions are a l so  small i n  these cases. 

The p i tch ing  and yawing moments during the  f l i g h t  were proport ional  
t o  the  6 and $ values given i n  f igu re  18 and may be determined from: 

My = Iy9 

and 

J 

The maximum moment was obtained a t  1.1 seconds after launch and was 
approximately 37,000 foot-pounds i n  p i tch .  The l a r g e s t  moment obtained 
after the main parachute opened was approximately 18,000 foot-pounds i n  
p i t ch .  

CONCLUSIONS 

The system proposed t o  provide safe abort  escape f o r  a Pro jec t  
Mercury manned space capsule has been invest igated by a fu l l - sca l e  
f l i g h t  t es t  t o  determine i t s  a b i l i t y  t o  provide safe escape f o r  the  
capsule i n  the  event of booster rocket malfunction at ,  o r  near, take-off.  
The tes t  r e s u l t s  ind ica te  the  following conclusions: 

1. The maximum accelerations about the three  axes were wi th in  t h e  
tolerance of a properly posit ioned and supported human. 

2. The escape motor provided su f f i c i en t  a l t i t u d e  f o r  successful  
opening of the landing parachute. 

3. The s t a b i l i z e d  rate of descent of t he  capsule (parachute f u l l y  
open) was about 28 feet per  second at sea l eve l .  

4. The maximum sound l e v e l  within the capsule was about 144 decibels  
during escape motor burning and indicated the need f o r  i n su la t ion  aga ins t  
sound. 

5 .  There were no indicat ions of high temperatures on t h e  escape 
tower o r  the capsule as a r e s u l t  of escape motor exhaust. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va. ,  June 29, 1960. 
“*sa;* - * .‘-‘Ttr.*,: ‘r 
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TABLE I 

CAPSULE MASS CHAFUiCTERISTICS 

Weight, 
lb 

Take-off . . . . . . . . . . . . . . . . . . . . . . .  3,109 
Burnout . . . . . . . . . . . . . . . . . . . . . .  .2,819 
Capsule alone . . . . . . . . . . . . . . . . . . . .  2,169 
Capsule after landing . . . . . . . . . . . . . . . .  2,048 

2 
Take-off i n e r t i a s :  

Pi tch o r  yaw, s lug- f t  . . . . . . . . . . . . . . . . . . . .  
Roll, slug-f t2  . . . . . . . . . . . . . . . . . . . . . . . .  

Burnout i n e r t i a s :  
P i tch  o r  yaw, s lug-f t2  . . . . . . . . . . . . . . . . . . . .  
Roll, slug-f t2  . . . . . . . . . . . . . . . . . . . . . . . .  

Capsule alone i n e r t i a s :  
Pi tch or  yaw, s lug-f t2  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  Roll, slug-f t2  

Ci3’ 
i n .  

X 

77.8 
63.2 
19.5 
16.7 

6,100 
330 

4,770 
330 

485 
236 
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(a) Principal dimensions and nomenclature of the vehicle tested. 

Figure 1.- Drawings of model and components. All dimensions are in 
inches. 
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(b) Dimensions of the capsule. 

Figure 1.- Continued. 
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Figure 1.- Continued. 
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(d)  Nozzle and nozzle mounting block d e t a i l s .  

Figure 1. - Continued. 
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(e) Cross-sectional views showing thrust misalinement, main parachute 
arrangement, drogue parachute arrangement, and axis notation. 

Figure 1. - Continued. 
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(f) Orientation schematic diagram of test capsule. 

Figure 1. - Concluded. 
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